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Abstract
We investigate multi-lepton LHC signals arising from an extension at the grand uniﬁcation scale of the standard
minimal supersymmetric model (MSSM) involving right-handed neutrino superﬁelds. In this framework neutrinos
have Dirac masses and the mixed sneutrinos are the lightest supersymmetric particles and hence the dark matter
candidates. We analyze the model parameter space in which the sneutrino is a good dark matter particle and has a
direct detection cross-section compatible with the LUX bound. Studying the supersymmetric mass spectrum of this
region, we ﬁnd several multilepton signatures relevant for the LHC, which are distinct from the predictions of the
MSSM with neutralino dark matter. We point out that if one of these signatures is detected, it might be an indication
of sneutrino dark matter.
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1. Introduction
There is experimental evidence to believe that there
is physics Beyond the Standard Model (BSM): Neu-
trino oscillations, which imply that at least two gener-
ation of neutrinos are massive. Gravitational eﬀects of
astronomical observations suggest the existence of non-
luminous Matter (Dark Matter), also necessary to ex-
plain large structure formation. The baryon asymmetry
in the universe.
There is a big eﬀort from colliders and dark matter
(DM) experimental groups to test well motivated sce-
narios that can explain those measurements. The LHC
is extending the range of experimentally explored ener-
gies, which second run is about to start surrounded by a
lot of expectations about a possible detection that could
give some hints of the new physics. In addition, there
are several direct and indirect DM experiments going
on, which in the following years will test large regions
of well motivated models, in particular the WIMPs as
DM candidates.
The idea of Ref. [1], summarized here, is to explore
a supersymmetric scenario that can explain DM, neu-
trino masses and ameliorate the hierarchy problem, the
MSSM plus a right handed neutrino superﬁeld. In this
scenario neutrinos are Dirac particles, and the dark mat-
ter particle could be the sneutrino, which is the possi-
bility we explore here. For the MSSM the possibility of
sneutrino DM is excluded by the direct detection con-
straint. As we are about the explain, this scenario has
interesting collider phenomenology, where many lep-
tons and neutrinos are produced, and shows distinctive
features with respect to the MSSM.
2. Supersymmetric framework
The MSSM+RN model we use has been deﬁned
in [2, 3, 4] and is similar to [5]. The superpotential for
the Dirac right-handed neutrino superﬁeld, with the lep-
ton violating term absent, is given by
W = i j(μHˆui Hˆ
d
j − YIJl Hˆdi LˆIjRˆJ + YIJν Hˆui LˆIjNˆ J) , (1)
where YIJν is a matrix in ﬂavor space (which we choose
to be real and diagonal), from which the mass of neu-
trinos, of Dirac nature, are obtained, mID = vuY
II
ν . In
the soft-breaking potential there are additional contri-
Available online at www.sciencedirect.com
Nuclear and Particle Physics Proceedings 267–269 (2015) 356–363
2405-6014/© 2015 Elsevier B.V. All rights reserved.
www.elsevier.com/locate/nppp
http://dx.doi.org/10.1016/j.nuclphysbps.2015.10.130
butions due to the new scalar ﬁelds
Vsoft = (M2L)
IJ L˜I∗i L˜
J
i + (M
2
N)
IJ N˜I∗N˜J (2)
−[i j(ΛIJl Hdi L˜IjR˜J + ΛIJν Hui L˜IjN˜ J) + h.c.] ,
where both matrices M2N and Λ
IJ
ν are real and diagonal,
with common entries mN2k and A
k
ν˜ respectively (k is the
ﬂavor index). Akν˜ is the trilinear term, that we considered
a free parameter, it induces a sizable mixing of the light-
est sneutrino in terms of left-handed and right-handed
ﬁelds. We deﬁne the mixing as follows,{
ν˜k1 = − sin θν˜ ν˜L + cos θν˜ N˜ ,
ν˜k2 = + cos θν˜ ν˜L + sin θν˜ N˜ ,
(3)
where θν˜ is the mixing angle. Sizeable mixing reduce
the coupling to the Z boson, which couples only to left-
handed ﬁelds, and therefore have relevant impact on all
the sneutrino phenomenology, as recognized in Refs. [2,
6, 7, 4, 5].
Assuming negligible electron and muon Yukawas,
and keeping only the τ Yukawa (Yτ) in the RGEs, leads
to ν˜1e = ν˜1μ and ν˜1τ to be the lightest sneutrino mass
eigenstate, and hence the LSP. From here on we drop
the ﬂavor index and consider the sneutrino dark matter
to be constituted by ν˜1τ ≡ ν˜1. Notice that ν˜1e and ν˜1μ can
have a life-time going from 10−4s up to the age of the
Universe. As far as it concerns the LHC phenomenol-
ogy all three sneutrino ﬂavors can be produced in the
decay chains and are indistinguishable.
3. Set up of the numerical analysis
3.1. Parameters and methodology
We study the MSSM+RN in the framework in which
the soft parameters are considered non-universal at a
high scale MX , where supersymmetry breaking is trans-
mitted to the observable sector via gravity mediated
mechanism. The model is deﬁned by the following free
parameters at the scale MX
{M1,M2,M3,mL,mR,mN ,mQ,mH , AL, Aν˜, AQ, B, μ} ,
(4)
where the Mi are the gaugino masses, mR is the slepton
right mass, mQ is the squark soft mass and mH denote
the common entry for the two Higgs doublet masses.1
The AL and AQ are the scalar trilinear couplings for the
sleptons and squarks, respectively.
To accomplish an eﬃcient sampling we adopt an ap-
proach based on Bayes’ theorem following the prescrip-
tion given in [8, 9] where the MZ boson in considered
1Notice that in Eq. 4 mL and mN refers to the value at the scale Mx.
Table 1: Nested sampling parameters and priors for the MSSM+RN
framework.
NS parameter Prior
M1,M2 −4000→ 4000 GeV
log10(M3/GeV) −4→ 4
log10(mQ/GeV) 2→ 5
mL,mR 1→ 2000 GeV
mN 1→ 2000 GeV
log10(AQ/GeV) −5→ 5
AL −4000→ 4000 GeV
Aν˜ −1000→ 1000 GeV
log10(mH/GeV) 1→ 5
tan β 3→ 50
Table 2: Summary of the observables and constraints used in the anal-
ysis.
Observable Value
ΩDMh2 0.1186 ± 20% [10]
mh 125.85 ± 4GeV [11, 12]
ΓinvisibleZ 166 ± 2 MeV [13]
ξσS In LUX (90% CL) [14]
me˜,μ˜ > 100 GeV (LEP 95% CL) [15]
mτ˜−1 > 85 GeV (LEP 95% CL) [15]
mχ˜+1 > 100 GeV (LEP 95% CL) [15]
BR(h→ invisible) < 0.65 (LHC 95% CL) [16, 17]
in the same foot as the rest of experimental observable,
in this approach a ﬁne tuning penalization is included.
The prior ranges are deﬁned in Table 1. Instead of do-
ing the full Bayesian analysis, our exploration is based
on points lying within the 95% credibly regions.
3.2. Constraints and Observables
To perform our analysis we include DM and collider
constraints summarized in Table 2.
One of the most important constraints to sneutrino
DM comes from the current limits on SI interaction with
the nucleus. Actually, this constraint is the responsible
for the exclusion of sneutrino as single component ther-
mal cold DM candidate within the MSSM, the SI in-
teraction is mediated by the Z and becomes maximal if
the sneutrino is purely left, which is precisely the case
of the MSSM, see Ref. [4]. By the other hand, in the
MSSM+RN is possible to reduce the coupling with the
Z by a factor sin θ allowing to escape the current bounds.
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The full likelihood function is the product of the indi-
vidual likelihoods associated to an experimental result.
For the quantities for which positive measurements have
been made we assume a Gaussian likelihood function.
For the lower or upper limits we use a step function on
the x% conﬁdence level (CL) of the exclusion limit.
On a practical level, the model has been implemented
in FeynRules [18, 19] (FR), by adding the appropriate
term in the superpotential and in the soft SUSY break-
ing potential, following equations 2 and 1. We generate
output ﬁles compatible with CalcHep in order to use
the public code micrOMEGAS 3.2 [20] for the computa-
tion of the sneutrino relic density and elastic scattering
cross-section. The FR package produces as well out-
put compatible with the public code MadGraph5 [21]
(MG5), which we use for the collider analysis at par-
ton level. The Monte Carlo simulation of the events
make use of Pythia 8 [22] (as implemented within
MadGraph5) for hadronization, as well as of the de-
tector simulator Delphes 3 [23], with default ATLAS
speciﬁcations. The supersymmetric particle spectrum is
computed with the code SoftSusy, appropriately mod-
iﬁed to adapt to micrOMEGAS 3.2. Finally the sam-
pling of the parameter space is done with the code
MultiNest v3.2 [24, 25], which has the tolerance set
to 0.5 and the number of live points to 4000.
4. Sneutrinos as good dark matter candidates
The main interest of our analysis is to ﬁnd corre-
lations between the points in the parameter space that
passes all the experimental constrains and the LHC sig-
natures. The result of the scan is illustrated in Fig-
ure 1, the top panel shows the cross-section σSIn versus
the sneutrino mass. From the sampling, we highlight
four regions, three of which have particular pattern in
the SUSY mass spectrum.
On the Higgs pole (green points), the dominant role
for attaining the correct relic abundance is played by
the sneutrino annihilations mediated by the Higgs bo-
son, as by deﬁnition of resonance region. As a conse-
quence, the sneutrino mixing angle, shown as a function
of mν˜ in Figure 1 bottom panel, is ﬁxed mainly by the
requirement of being compatible with the LUX exclu-
sion bound, the sneutrino mixing can not be larger than
0.02.
Another region, denoted by the orange points, has the
characteristic of having long-lived τ˜−1 . In particular, the
mass splitting between the sneutrino and the scalar tau,
which is the NLSP is smaller than 1 GeV and a mostly
right ν˜1 and/or τ˜−1 , while the rest of the spectrum tends
to be signiﬁcantly heavier. The correct relic density for
Figure 1: Equal weight points as a function of the sneutrino mass mν˜
and the scattering cross-section σSIn (top) and {mν˜1 − sin θν˜} (bottom).
The color code is explained in Sec. 4. The blue solid line is the current
exclusion limit by LUX, while the black dashed curve represents the
projection for XENON1T.
ν˜1 is achieved in two ways, if the sneutrino has a sin θν˜
larger than about 0.02, the dominant annihilation chan-
nels are ν˜1ν˜∗1 → W+W−, ZZ, hh, tt¯ and co-annihilation
with the τ˜−1 is also relevant. On the other hand, the more
right-handed the sneutrino becomes, the more the an-
nihilation channels τ˜+1 τ˜
−
1 → W+W−, ZZ, hh, tt¯ dominate
for achieving ΩDMh2.
The magenta points denote the region where sneu-
trino and neutralino are close in mass within 10%, and
the neutralino is mostly bino. The relic density in
this case is ﬁxed only by sneutrino annihilation, via
these dominant processes: ν˜1ν˜∗1 → W+W−, hh, ZZ, and
ν˜1ν˜
∗
1 → tt¯ whenever the top threshold is opened. The
mixing angle should be still sizable, around 0.02-0.04,
to provide Ων˜h2 in accord with the measured value. On
the contrary, the blue points denote the parameter space
where the sneutrino is degenerate with the neutralino at
the level of 10% and in addition with the chargino, at the
same percentage level, that is neutralinos and charginos
are either winos or higgsinos. Two possibilities for the
relic density can arise. First, if the mass spectrum of the
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χ˜01, χ˜
0
2 and χ˜
+
1 is tight, co-annihilation is crucial for ﬁx-
ing the correct relic density. The second typology arises
if the chargino is almost degenerate with the neutralino
within 1-2%, in this case, the relic density is driven only
by χ˜+1 and χ˜
0
1 co-annihilation. In both cases the contri-
bution of sneutrinos to ΩDMh2 is irrelevant. This is the
reason why the sneutrinos in this region can be almost
purely right-handed and highly elusive for DM direct
detection. This behavior seems also to be the common
one for heavy sneutrinos.
In the rest of the sampling, gray points, there isn’t a
particular pattern for SUSY mass spectrum. The correct
neutrino relic density is achieved by the sneutrino anni-
hilating mainly via the s-channel exchange of a Z boson
(from here on called Z-boson region) into W−W+, tt¯, f f¯
and via t-channel neutralino and chargino exchange go-
ing into f f¯ . The mixing angle exhibits a sizable com-
ponent of left-handed component, as shown in Figure 1.
The values around 0.04 are a good compromise between
achieving ΩDMh2 and being compatible with the direct
detection bounds. A large part of the sneutrino DM pa-
rameter space can be probed by next generation of DM
experiment, such as XENON1T [26], denoted by the
black dashed line in Figure 1.
5. Collider signatures
We have chosen four benchmark points, which are
representative of the rich LHC phenomenology of sneu-
trino DM. The relevant SUSY breaking parameters at
the electroweak scale and the initial parameters are sum-
marized in Table 3 of [1]. For the analysis we used a
center of mass energy of 14 TeV and assumed a lumi-
nosity L = 100/fb.
5.1. Long-lived τ˜−1
Long-lived charged particles at the LHC have been
studied in the MSSM or in models beyond the standard
model from a theoretical point of view and are searched
in depth experimentally. As anticipated in the previous
section, and discussed in [27], in theMSSM+RN frame-
work the long-lived particle is typically a τ˜−1 .
The stau decays into the LSP is illustrated in Figure 2
(left panel). We discuss the long-lived τ˜−1 phenomenol-
ogy using the benchmark point B1, in which
mτ˜−1 = 666.3GeV , sin θτ˜ = 0.99 , (5)
mν˜ = 665.5GeV , sin θν˜ = −0.029 ,
Γτ˜ = 7.33 × 10−18 GeV , ττ˜ = 8.98 × 10−8 s .
This is representative of our sampling of long-lived
scalar τ depicted by the orange points (Figure 1). In B1
Figure 2: Three-body decay process for the τ˜−1 NLSP, on the left
(right) in the MSSM+RN (MSSM) when δm < mτ, with δm ≡
mNLSP − mLSP.
Figure 3: τ˜−1 life-time as a function of δm ≡ mτ˜−1 − mLSP for bench-
mark B1. The magenta solid (cyan dashed) line stands for the case of
the MSSM+RN with the sneutrino LSP (MSSM with χ˜01 LSP). The
light gray area denotes the region with a detectable charged track dis-
appearing in the hadronic calorimeter, while the dark gray area stands
for the long-lived particles leaving the detector volume. In both cases
a pT = 50 GeV is assumed.
both ν˜1 and τ˜−1 are mostly right-handed, but the sneu-
trino is so sterile that the τ˜−1 annihilation alone sets the
relic density. The degeneracy between sneutrino and τ˜−1
is ‘accidental’. Searches for long-lived charged parti-
cles have excluded τ˜−1 < 300 GeV [28], when produced
directly in the pp collision, hence we consider only rel-
atively heavy τ˜−1 . This is the reason why the orange
points are present only for heavy sneutrinos with mass
larger than about 400 GeV.
Figure 3 shows the τ˜−1 life-time as a function of δm
(solid magenta line). For a ν˜ LSP the stau decays to
three bodies (below the W threshold). On the contrary
for a χ˜01 LSP the τ˜
−
1 decays is given by a two body ﬁnal
state until δm < mτ where it becomes a four body pro-
cess (see Figure 2), producing a sharp feature.
The decay width of the τ˜−1 in both scenarios has been
computed with MG5 at parton level, up to δm = 0.1
GeV.
If a long-lived τ˜−1 would be detected, could we distin-
guish between the MSSM and the MSSM+RN scenar-
ios? It would be tricky to disentangle the two scenar-
ios if the long lived particle decays inside the hadronic
calorimeter, however if it decays outside the detector
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volume and the time-of-ﬂight can be measured, it would
be possible to reconstruct its mass by knowing the pT
and have some hints if the LSP is a neutralino or a sneu-
trino.
5.2. Two same sign leptons
The possibility of having sleptons lighter than neu-
tralinos is an interesting feature of the phenomenology
of MSSM+RN, specially for collider signatures, since
this mass hierarchy could lead to potentially powerful
signatures to test sneutrino as the LSP at the LHC.
Electroweak production is dominated by chargino
and neutralino production, the signature of these pro-
cesses become easier to detect in the MSSM when slep-
tons are lighter than charginos and neutralinos. To study
the MSSM+RN, let us examine the typical mass hierar-
chy of sleptons, which is a consequence of RGEs ef-
fects, but also, and most important, a consequence of
DM constraints. As explained in the previous section, in
order to have a good sneutrino DM candidate, mL should
be larger than mN to avoid direct detection constraints.
The case of lightest slepton is diﬀerent, mR is lighter
than mL due only to RGE eﬀects. As a consequence, the
typical lightest slepton is a mostly right stau.
It was pointed out by [29], that for sneutrino LSP, the
chargino-neutralino production will have a ﬁnal state
with three leptons and missing energy, where the two
opposite sign leptons could have diﬀerent ﬂavors (since
sleptons decay through a W boson). This is a very
distinctive signature of sneutrino DM with respect to
neutralino dark matter. Remember that in the MSSM
the chargino-neutralino production will give a signal of
three leptons, but the two opposite sign leptons will have
necessarily same ﬂavor, as they are coming from the Z
boson or from the neutralino decay through sleptons.
We instead focus in the region where the NLSP is
the lightest stau, τ˜−1 , so that, these signatures are present
in all the regions where a slepton is lighter than the
chargino in the gray/magenta points in Figure 1. We
consider the process depicted in Figure 4. To study this
signature in more detail we use benchmark B2 with rel-
evant masses and mixings,
mχ˜±1 = 419.3 GeV, mχ˜02 = 421.2 GeV, (6)
mν˜τ1 = 202.6 GeV, sin θν˜ = −0.031 ,
mτ˜1 = 354.2 GeV, sin θτ˜ = −0.00013 ,
and branching ratios,
BR(χ˜+1 → ντ τ˜1) = 0.99 , (7)
BR(χ˜02 → τ± τ˜∓1 ) = 0.99 .
Figure 4: Relevant process for the two-lepton signal: chargino-
neutralino production and subsequent decay through the lightest stau.
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Figure 5: Minv distribution for chargino-neutralino production of
benchmark B2.
The signal we consider here is slightly diﬀerent from the
one assumed in [29], the ﬁnal state contains two same
sign leptons, but the third one is an hadronic τ, which
due to the low eﬃciency in its identiﬁcation and simu-
lation we are not tagging.
For the background we consider the production of
WZ and tt¯W. The cross-sections are computed at LO
with MG5 and Pythia 6.
The following cuts are applied,
1. Two same sign diﬀerent ﬂavor leptons with pT >
20 GeV and pseudo-rapidity η < 2.5;
2. At least one lepton with pT > 25 GeV;
3. pmissT > 50 GeV.
Figure 5 shows in the left panel the pmissT and Minv dis-
tribution. The signal is accumulated at small values of
pmissT and Minv where the background reaches its maxi-
mum value. In this region statistical and systematic er-
rors are typically very small and therefore even when
the ratio between signal and background is small, the
signal may be distinguished. Of course, NLO contri-
bution have to be included, and the cuts have to be op-
timized to get an accurate idea of how the signal will
stand over the background. Nevertheless, this ﬁgure
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Figure 6: Typical chargino and neutralino decay chains for the Higgs
resonance region.
gives a good illustration advertising that signals of new
physics could be hidden at low values of pmissT and Minv.
5.3. Multi-leptons
The phenomenology of the Higgs resonance region
is potentially powerful to detect supersymmetry, due to
the particular collider signatures that can arise. The
composition of the sneutrino requires generally a very
small left-handed component with respect to most of the
points in other regions, see Figure 1. This implies that
the splitting between mL and mN , and therefore between
mν˜2 and mν˜1 , tends to be very large. However a ν˜1 with
mass of about 63 GeV allows the rest of the mass spec-
trum to have low mass values as well. For instance mL
does not need to be at about O(1) TeV to make the mν˜1
to be right enough to be a good DM candidate.
On the other hand, since ν˜1 and ν˜2 are almost pure
right- and left-handed states respectively, charginos and
neutralinos couple very weakly to ν˜1 and prefer there-
fore to decay to ν˜2 rather than to the lightest stau or ν˜1.
Let us focus in the process showed in Figure 5.3.
Notice that there are two W bosons at the end of the
decay chain. Considering the W leptonic decay to
electrons and muons, the ﬁnal state is given by three
leptons not correlated in sign and ﬂavor and two taus.
To study this signature in more detail we use benchmark
B3, with relevant masses and couplings
mχ˜±1 = 781.1 GeV, mχ˜02 = 780.02 GeV,
mν˜l(τ)2 = 671.1(647.3) GeV, sin θν˜l(τ) = 0.007 ,
mτ˜1 = 240.3 GeV, sin θτ˜ = −0.09 ,
and relevant branching ratios,
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Figure 7: Missing transverse momentum distribution of the signal al-
lowing opposite sign same ﬂavour leptons.
BR( χ˜+1 → e+ ν˜2 ) = 0.15 ,
μ+ν˜2 = 0.15 ,
τ+ν˜2 = 0.21 ,
BR( χ˜01 → τ+ τ˜−1 ) = 0.90 ,
BR( τ˜±1 → W± ν˜1 ) = 1.0 ,
BR( χ˜02 → ν ν˜2 ) = 0.48 ,
l˜± l∓ = 0.28 ,
BR( ν˜2 → χ˜01 ν ) = 0.98 .
In order to single out the most distinctive signature
from the ﬁnal state, we require three electrons or muons,
but we neglect events with opposite sign same ﬂavor
leptons. This condition could be relaxed allowing op-
posite sign same ﬂavor leptons but forbidding the ones
with invariant mass close to the Z boson mass.
For the background we consider WZ → Wl+ l− and
tt¯W. As in the previous case, WZ is simulated with
MG5 and Pythia 8 and t t¯W using MG5 and Pythia
6.
Selected events are required to pass the following cuts
1. Three leptons with pT > 20 GeV and η < 2.5;
2. Events with opposite sign same ﬂavor (OSSF) lep-
tons are forbidden;
3. When OSSF events are allowed we require them to
have |Minv − MZ | < 10 GeV;
4. At least one lepton with pT > 25 GeV;
5. EmissT > 100 GeV.
Figure 5.3 shows the missing transverse momentum dis-
tribution in the case when we allow OSSF leptons. As
one can see, the ratio between signal and background is
remarkably good.
5.4. Direct chargino production
In the previous subsection we have shown that the
sneutrino as LSP and the sleptons as NLSPs could have
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Figure 8: Chargino production relevant for the two uncorrelated lep-
ton signal discussed in section 5.4.
quite particular signatures of leptons without correla-
tion of sign and ﬂavor. However there is a signiﬁcant
region in the parameter space where sleptons are heav-
ier than some of the neutralinos and charginos. These
regions have more “traditional” signatures, but still ex-
hibit some particularities with respect to the MSSM. Di-
rect chargino production could be a window to access
these regions. The diﬀerence between the MSSM+RN
with respect to the MSSM is that the chargino decay
chain could be dominantly into two-body (χ˜±1 → l±ν˜l)
instead of three-body (χ˜±1 → W±χ˜01 → f ′ f¯ χ˜01), pro-
ducing a sharper distribution in the signal. We focus on
direct chargino production, depicted in Figure 8, with a
ﬁnal state of two leptons and missing transverse mo-
mentum. This signal (two opposite sign leptons and
two invisible particles ) also exists in the MSSM, arising
from direct production of slepton (l˜± → l± χ˜01) but with
a smaller production cross-section. This search will ac-
cess a large portion of the parameter space, specially
if the lightest neutralino is higgsino or wino and there-
fore quasi-degenerated with the chargino (blue region),
but also in most of the cases of bino-like lightest neu-
tralino region. In order to get good eﬃciency in these
searches we require a large enough splitting in mass be-
tween the χ˜01 and the ν˜1 to be able to detect the decay of
the chargino. This condition is recovered in the region
where the sneutrino annihilates eﬃciently through the Z
boson to satisfy DM constraints (gray points) and in the
region where ν˜1 is degenerated with the neutralino but
not with χ˜±1 (magenta points).
For the study of this signature we consider the bench-
mark B4 with relevant masses and mixing angles are
given by
mχ˜±1 = 440.8 GeV, (8)
mν˜l(τ)1 = 125.6(124.1) GeV,
sin θν˜l(τ) = 0.038(0.042) ,
and branching ratios,
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Figure 9: MT2 distributions for chargino production to two opposite
sign leptons and missing energy.
BR( χ˜+1 → W+ χ˜01 ) = 0.18 ,
e+ ν˜e1 = 0.25 ,
μ+ ν˜
μ
1 = 0.25 ,
τ+ ν˜τ1 = 0.31 .
Notice that the decay into the LSP has the largest
branching ratio, and this is a general situation for most
of the sneutrino parameter space we consider (gray
points, with sizable left-handed component, see Fig-
ure 1).
For background simulation we consider W+W− and
WZ production at leading order, including also the case
where one of the gauge bosons is oﬀ-shell. In the anal-
ysis we use mT2 [30], which is expected to peak at the
mass of the chargino.
We consider the following cuts,
1. Two opposite sign leptons (electrons and muons);
2. Z veto ( |mll − mZ | > 10 GeV );
3. mT2 > 110 GeV;
4. pmissT > 40 GeV;
5. Second hardest jet with pT < 50 GeV.
Figure 9 shows the signal superposed with the back-
ground for mT2 and EeﬀT , lower panel shows the signal
only. Notice that the maximum of the signal is located
around 400 GeV for mT2 (and 800 GeV for EeﬀT ) where
the background has decreased signiﬁcantly, allowing us
to disentangle the signal from the background. In case
the LHC measures this kind of signal would be possible
to estimate the size of the supersymmetric masses when
combining mT2 and EeﬀT .
6. Conclusions
We have investigated the simplest extension of
the MSSM in which neutrinos have Dirac masses
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(MSSM+RN). With the addition of right-handed neu-
trino superﬁeld the phenomenology of the sneutrino is
modiﬁed, left-handed and right-handed component can
mix due to the presence of a large trilinear scalar cou-
pling Aν˜, and the lightest sneutrino becomes a good DM
candidate.
Taking boundary conditions at GUT scale, we revise
the status of sneutrino DM, ﬁnding that it is a viable
candidate for masses above the Higgs pole. A large
portion of the parameter space is allowed by LUX and
can be probed by the future direct detection experiment
XENON1T. We have found that there is a correlation
between the annihilation channels that ﬁx the LSP relic
density and the signatures at the LHC. The most promis-
ing signatures of sneutrino DM are (i) decay into two
leptons of opposite sign but uncorrelated ﬂavor and (ii)
three uncorrelated leptons, which have a negligible stan-
dard model background. Interestingly, there is also the
possibility of having long-lived staus. We have pointed
out that the signal is in the reach of the LHC at 14 TeV
of center of mass energy and 100/fb of luminosity.
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